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(54) POSITIVE RESIST COMPOSITION AND PATTERN FORMING METHOD USING 
THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To solve the problems of a performance improving 
technique in microfabrication of a semiconductor element with a high energy line, an 
X-ray, an electron beam or EUV light, and to provide a positive resist composition 
which simultaneously satisfies high sensitivity, high resolution, a good pattern shape 
and good line edge roughness. 

SOLUTION: The positive resist composition contains a compound of a specific 
structure containing a group which produces an alkali-soluble group by the action of 
an acid in an amount of >50 mass% based on the solid content of the resist 
composition, and also contains a compound which generates an acid by the action of 
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an actinic ray or a radiation. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 
[Claim 1] 

(T) Contain at least two or more acidolysis nature groups in one molecule, and it 
consists of an aromatic ring, an alkylene chain, or a cycle alkylene chain, A positive 
resist composition more than 50 mass %'s containing a compound to which solubility 
to an alkali developing solution increases by operation of acid among solid content of a 
resist composition, and containing further a compound which generates acid by 
operation of (B) active light or radiation. 

However, a compound (T) to which solubility to an alkali developing solution increases 
by operation of acid does not contain carixarene. 

A compound (T) to which solubility to an alkali developing solution increases by 
operation of acid is not polymer. 
[Claim 2] 

(T) The positive resist composition according to claim 1, wherein a compound to which 
solubility to an alkali developing solution increases by operation of acid of an 
ingredient is a compound shown by following general formula (I). 
[Formula 1] 



2 



JP 2005-309421 




Inside of general formula (I), 

Ri. R3, and R4 express a hydrogen atom, an alkyi group, or a cycloalkyl group 
independentiy respectively. Two or more R^ may join together and a ring may be 
formed. Two or more R^ may join together and a ring may be formed. Two or more Rg 
may join together and a ring may be formed. Two or more R4 may join together and a 
ring may be formed. Two or more R^, Rg, R3. and R4 may be mutually the same, or may 
differ from each other. 

Respectively, independently, Rg and Rg express a hydrogen atom and an organic group, 
may be mutually the same, or may differ. [ of two or more R^ and Rg ] At least two of 
two or more Rg and R^ are acidolysis nature groups. 

W expresses a single bond, straight chain shape, a branched state or annular alkylene 
group, an allylene group, and the basis that consists of such arbitrary combination. 
X expresses a positive integer. 

y expresses zero or more integers, and y is 0 when W is a single bond. 

2 expresses zero or more integers. 

V expresses zero or more integers. 

ml, m3, and m4 express a positive integer. 

m2 and m5 express zero or more integers. However, m1+m2+z=5, m3+v=3, m4+m5=5, 
and m2+m5 >=2 is filled 
[Claim 3] 

The positive resist composition according to claim 2, wherein a compound expressed 
with general formula (I) is a compound expressed with either following general formula 
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(ID - (IV). 

[Formula 2] 





(III) 




Inside of general formula (II) - (IV), 

Ri. R2, R5, Rg, X, z, ml, and m2 are synonymous with them in general formula (I). 
R^ expresses a hydrogen atom, an alkyi group, or a cycloalkyl group. Two or more R^ 
may join together and a ring may be formed. Two or more R7 may be mutually the same, 
or may differ. 

u expresses a positive integer. However, It is u+x=3. 
r expresses a positive integer. 
Wo expresses an allylene group. 

expresses a single bond, an alkylene group, or a cycio alkylene group. 
A expresses tiie following structure. 
[Formula 3] 
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Rfi' and m5 are synonymous with them in general formula (I) among a 
formula. 
[Claim 4] 

(T) The positive resist composition according to any one of claims 1 to 3 in which 
content of a compound to which solubility to an alkali developing solution increases by 
operation of acid of an ingredient is characterized by being more than 60 mass % to 
the solid content whole quantity of a resist composition. 
[Claim 5] 

A pattern formation method including a process of forming a photosensitive film, and 
exposing and developing this photosensitive film with the positive resist composition 
according to any one of claims 1 to 3. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the positive resist composition used suitably for supei^micro 
lithography processes, such as very large scale integration and manufacture of a high 
capacity microchip, or other photofabrication processes. It is related with the positive 
resist composition which can be used conveniently for micro processing of the 
semiconductor device using an electron beam, X-rays, and EUV light in more detail 
about the positive type photoresist which was made highly minute using an electron 
beam. X-rays. EUV light, etc. and which can carry out pattern formation. 
[Background of the Invention] 
[0002] 

Conventionally, in the manufacturing process of semiconductor devices, such as IC 
and LSI, micro processing by the lithography using a photoresist composition is 
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performed. In recent years, super-minute pattern formation of a submicron region or a 
quarter micron field is increasingly required with high integration of an integrated 
circuit, following on it — an exposure wavelength — i line from g line — further — KrF 
excimer laser light — the tendency of short wavelength formation is expected to say. 
Development is also following now an electron beam, X-rays, or lithography that used 
EUV light besides the excimer laser beam. 
[0003] 

especially — electron-beam lithography — the next generation — or it is positioned 
as a generation's pattern formation art one after another, and a positive resist of high 
sensitivity and high resolution nature is desired. Especially, for shortening of wafer 
processing time, although high sensitivityHzation is a very important technical 
problem, In the positive resist for electron beams, if it is going to pursue high 
sensitivity-ization. not only the fall of resolution but aggravation of line edge 
roughness takes place, and development of the resist which satisfies these 
characteristics simultaneously is desired strongly. Here, since the pattern of resist 
and the edge of a substrate interface originate in the characteristic of resist and are 
irregularly changed in the direction vertical to a line direction, line edge roughness 
means that edge is visible to unevenness, when a pattern ts seen from right above. 
The yield is reduced, in order for this unevenness to be transferred by the etching 
process which uses resist as a mask and to degrade an electrical property, in 
super-minute regions of 0.25 micrometer or less, especially line edge roughness has 
been a very important improvement technical problem. It is dramatically important for 
high sensitivity, high resolution nature and good pattern shape, and good line edge 
roughness how tiiis is simultaneously satisfied by having a relation of a trade-off. 
It has been an important technical problem to reconcile high sensitivity, high 
resolution nature, etc. similarly in the lithography using X-rays or EUV light 
furthermore, and these solutions are required. 
[0004] 

The chemical amplification type resist which mainly used the acid catalyzed reaction 
from a viewpoint of high-sensitivity-izing as resist suitable for the lithography process 
using this electron beam, X-rays, or EUV light is used, Insoluble to an alkaline aqueous 
solution as the main ingredients in a positive resist or it is poorly soluble. The phenolic 
polymer (it abbreviates to phenolic acidolysis nature resin hereafter) which has the 
character which becomes meltable to an alkaline aqueous solution by operation of 
acid, and the chemical amplification type resist composition which consists of acid 
generators are used effectively. 
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[0005] 

About these electron beams, X-rays, or the positive resist for EUV, The phenol 
system compound derivative which has a specific structure as phenolic acidolysis 
nature resin, for example. The carixarene which has (for example, the patent 
documents 1 - three references), and a specific structure. The resist composition 
using the phenol system dendrimer (for example, refer to patent documents 7) which 
makes a mother nucleus (for example, the patent documents 4 and five references), a 
calyx resorcinol arene (for example, the patent documents 5 and six references), and 
a calyx resorcinol arene is indicated. 
[0006] 

However, in any of these combination, the actual condition is that the high sensitivity 
in super-minute regions, high resolution nature, good pattern shape, and good line 
edge roughness are simultaneously unsatisfying. 
[0007] 

[Patent documents 1] JP,10-83073,A 
[Patent documents 2] JP.2000-305270,A 
[Patent documents 3] JP.2003-1 83227,A 
[Patent documents 4] JP,10~120610,A 
[Patent documents 5] JP.1 1-322656,A 
[Patent documents 6] JP,2003-321423,A 
[Patent documents 7] JP,10-310545.A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0008] 

The purpose of this invention is to solve the technical problem of the performance 
improvement technique in micro processing of the semiconductor device which uses a 
high energy beam, X-rays, an electron beam, or EUV light. It is in providing the pattern 
formation method using the positive resist composition and it which satisfy 
simultaneously high sensitivity, high resolution nature, good pattern shape, and good 
line edge roughness, 
[Means for Solving the Problem] 
[0009] 

This invention persons attained with a positive resist composition containing a 
compound to which solubility to an alkali developing solution increases by operation of 
specific acid, as a result of inquiring wholeheartedly. A positive resist composition 
concerning this invention is the following composition. 
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[0010] 

(1) At least two or more acidolysis nature groups are contained in the (T) one 
molecule, A compound which it becomes from an aromatic ring, an alkylene chain, or a 
cycio alkylene chain and to which solubility to an alkali developing solution increases 
by operation of acid Inside of solid content of a resist composition, A positive resist 
composition more than 50 mass %'s containing, and afso containing a compound which 
generates acid by operation of (B) active light or radiation. 

However, a compound to which solubility to an alkali developing solution increases by 
operation of acid does not contain carixarene. 

A compound (T) to which solubility to an alkali developing solution increases by 

operation of acid is not polymer. 

[0011] 

(2) A positive resist composition given in the above (1), wherein a compound to which 
solubility to an alkali developing solution increases by operation of acid of the (T) 
ingredient is a compound shown by following general formula (I), 

[0012] 

[Formula 1] 




X 



[0013] 

Inside of general formula (IX 

R^, Rj, R3, and R4 express a hydrogen atom, an alkyi group, or a cycloalkyi group 
independently respectively. Two or more may join together and a ring may be 
formed. Two or more Rg may join together and a ring may be formed Two or more Rg 
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may join together and a ring may be formed Two or more R4 may join together and a 
ring may be formed Two or more R^, Rg, R3, and R4 may be mutually the same, or may 
differ from each other 

Respectively, independently. Rg and Rg express a hydrogen atom and an organic group, 
may be mutually the same, or may differ. [ of two or more R5 and Rg ] At least two of 
two or more R5 and are acidolysis nature groups. 

W expresses a single bond, an alkylene group or a cycio alkylene group, an allylene 
group, and a basis that consists of such arbitrary combination. 
X expresses a positive integer. 

y expresses zero or more integers, and y is 0 when W is a single bond. 

2 expresses zero or more integers. 

V expresses zero or more integers. 

ml, m3, and m4 express a positive integer. 

m2 and m5 express zero or more integers. However. m1+m2+2=5, m3+v=3, m4+m5=5, 

and m2+m5 >=2 is filled. 

[0014] 

(3) A positive resist composition given in the above (2), wherein a compound 
expressed with general formula (I) is a compound expressed with either following 
genera! formula ClI) - (IV). 
[0015] 
[Formula 2] 
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[0016] 

Inside of general formula (II) - (IV), 

Rj, R5, Re, X, z, ml, and m2 are synonymous with them in general formula (I). 
R^ expresses a hydrogen atom, an aikyi group, or a cycloalkyi group. Two or more R7 
may join together and a ring may be formed. Two or more R7 may be mutually the same, 
or may differ. 

u expresses a positive integer. However, it is u+x=3. 
r expresses a positive integer. 
Wq expresses an allylene group. 

expresses a single bond, an alkylene group, or a cycio alkyiene group. 
A expresses the following structure. 
[0017] 
[Formula 3] 
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[0018] 

R3, R4, Rfi. m4, and m5 are synonymous with them in general formula (I) among a 

formula. 

[0019] 

(4) A positive resist composition given in either of above-mentioned (1) - (3) to which 
content of a compound to which solubility to an alkali developing solution increases by 
operation of acid of the (T) ingredient is characterized by being more than 60 mass % 
to the solid content whole quantity of a resist composition. 

(5) A positive resist composition given in either of above-mentioned (1) - (4) 
containing resin furthermore. 

(6) A positive resist composition given in either of above-mentioned (1) - (5) being 
able to add an organic base nature compound furthermore, 

(7) A positive resist composition given in either of above-mentioned (1) - (6) being 
able to add a surface-active agent furthermore. 

(8) A positive resist composition given in either of above-mentioned (1) - (7), wherein 
an acid generator of the (B) ingredient is a compound which generates organic 
sulfonic acid. 

(9) A positive resist composition of the above-mentioned (8) statement containing an 
acid generator which furthermore generates carboxylic acid, 

(10) The above (1) Pattern formation method including a process of forming a 
photosensitive film, and exposing and developing this photosensitive film with a 
positive resist composition given in either of - (9). 

[Effect of the Invention] 
[0020] 

It is solving the technical problem of the performance Improvement technique In micro 
processing of the semiconductor device which uses a high energy beam, X-rays, an 
electron beam, or EUV light by this invention. The positive resist composition and it 
which satisfy simultaneously high sensitivity, high resolution nature, good pattern 
shape, and good line edge roughness are given to a pattern formation method. 



11 



JP 2005-309421 



[Best Mode of Carrying Out the Invention] 
[0021] 

Hereafter, this invention is explained in detail. 

In the notation of the basis (atom group) in this specification, the notation which is not 
describing substitution and no replacing includes what has a substituent with what 
does not have a substituent. For example, an "alkyi group" includes not only the aikyi 
group (non-substituted alkyI group) that does not have a substituent but the alkyt 
group (substituted alkyI group) which has a substituent. 
[0022] 

An operation of acid decomposes and the positive resist composition of this invention 
contains the compound (B) which generates acid by the exposure of the compound 
(T) in which the solubility in the inside of an alkali developing solution increases and 
active light, or radiation. 
[0023] 

[1]The compound (T) in which it decomposes by operation of acid and the solubility in 
the inside of an alkali developing solution increases 

It is a compound which an operation of acid of this invention decomposes, and the 
compound (T) in which the solubility in the inside of an alkali developing solution 
increases is formed from an aromatic ring, an alkylene chain, or a cycio alkylene chain, 
and contains an acidolysis nature group. Especially, it is preferred that there is a 
portion formed by connection of an aromatic ring-alkylene chain-aromatic ring. 
[0024] 

(T) The compound in which it decomposes by operation of acid of an ingredient, and 
the solubility in the inside of an alkali developing solution increases is not polymer. 
That is, protective groups, such as an acidolysis nature group, replace by a 
mother-nucleus compound with a single molecular skeleton. Or polymer sees and 
molecular weight distribution [ like ] is not shown. Or it is a compound with the feature 
of not having ten or more repeating units originating in a polymerization nature 
monomer. The compound of the (T) ingredient as used in the field of this invention 
does not contain the carixarene (macrocyclic compound) obtained by the 
condensation reaction of phenol and formaldehyde, 
[0025] 

As for the compound of the (T) ingredient of this invention, it is preferred that it is a 
compound expressed with following general formula (I). 
[0026] 
[Formula 4] 
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[0027] 

Inside of general formula (I), 

Ri, R3, and R4 express a hydrogen atom, an alky I group, or a cycloalkyi group 
independently respectively. Two or more R^ may join together and a ring may be 
formed Two or more R2 may join together and a ring may be formed. Two or more R3 
may join together and a ring may be formed. Two or more R^ may join together and a 
ring may be fbnried. Two or more R^, Rg, R3, and R^ may be mutually the same, or may 
differ from each other 

Respectively, independently, R5 and R^ express a hydrogen atom and an organic group, 
may be mutually the same, or may differ. [ of two or more R5 and Rg ] At least two of 
two or more R5 and Rg are acidolysis nature groups. 

W expresses a basis which consists of a single bond, an alkylene group or a cycio 
alkylene group, allylene groups, and such arbitrary combination. 
X expresses a positive integer. 

y expresses zero or more integers, and y is 0 when W is a single bond. 

2 expresses zero or more integers. 

V expresses zero or more integers. 

m1, m3, and m4 express a positive integer. 

m2 and m5 express zero or more integers. However, m1+m2+z=5, m3+v=3, m4+m5=5, 

and m2+m5 >=2 is filled. 

[0028] 

A straight chain or a branch-type may be sufficient as an alkyl group in R^, R^, R3, and 
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R4, and a thing of 1-10 carbon numbers of a methyl group, an ethyl group, a propyl 
group, a butyl group, an isobutyl group, a hexyl group, an octyl group, etc. is mentioned 
preferably. 
[0029] 

as the cycloafkyi group in R^, Rg, R3, and R4 — a monocycle and polycyclic — 
whichever may be sufficient For example, a basis which has bicycio [ with a carbon 
numbers of five or more monocyclo ], tricycio, tetracycio structure, etc. can be 
mentioned. As for the carbon number, 6-30 pieces are preferred, and especially its 
7-25 carbon numbers are preferred. For example, an adamanthyl group, a NORUADA 
man chill group, decalin residue, a tricycio deca nil group, a tetracycio dodecanyl group, 
a norbornyl group, a cedrol group, a cyclohexyl group, a cycloheptyl group, a 
cyclooctyl group, a cyclodeca nil group, a cycio dodecanyl group, etc. can be 
mentioned. These alicyclic hydrocarbon groups may have a substituent. 
[0030] 

As a substituent which the above-mentioned alky! group or a cycioalkyi group may 
have, hydroxyl, a carboxyl group, a halogen atom (a fluorine atom, a chlorine atom, a 
bromine atom, iodine atom), alkoxy groups (a methoxy group, an ethoxy basis, a 
propoxy group, a butoxy group, etc.), etc. can be mentioned 
[0031] 

An organic group in R5 and Rg expresses a basis of acidolysis nature or non-acidolysis 
nature. In this invention, an acidolysis nature group is contained in [ 2-30 ] one 
molecule. The 3-25 number of acidolysis nature groups made to contain in one 
molecule is 4-20 still more preferably preferably. 
[0032] 

An organic group of non-acidolysis nature in R5 and Rg is an organic group which is not 
decomposed by operation of acid. For example, an alkyi group, an aryl group, an aralkyi 
group, an alkoxy group, an alkoxycarbonyl group, an amide group, a cyano group, etc, 
which are not decomposed by operation of acid can be mentioned. An alkyi group has 
an alkyi group of 1-10 carbon numbers, or a preferred cycioalkyi group. For example, a 
methyl group, an ethyl group, a propyl group, n-butyl group, a sec-butyl group, a hexyl 
group, a 2-~ethylhexyl group, an octyl group, a cyclopropyl group, a cyclobutyl group, a 
cyclohexyl group, an adamanliiyE group, etc. can be mentioned. Aryl group of an aryl 
group of the carbon numbers 6-14 is preferred, for example, it can mention a phenyl 
group, a naphthyl group, an anthracenyl group, etc. Aralkyi group of an aralkyi group of 
6-1 2 carbon numbers is preferred, for example, it can mention benzyl, a phenethyl 
group, a cumyl group, etc. An alkoxy group in an alkoxy group and an alkoxycarbonyl 
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group has a preferred alkoxy group of the carbon numbers 1-5, for example, can 
mention a methoxy group, an ethoxy basis, a propoxy group, n-butoxy group, an 
isobutoxy group, etc. 
[0033] 

A straight chain or a branch-type may be sufficient as an alkylene group in W, and its 
th ing of the carbon numbers l-IO is preferred, for example, a methylene group, 
ethylene, a propylene group, a butylene group, an isobutylene group, etc. are 
mentioned. 
[0034] 

a cycio alkylene group in W — a monocycle and polycycii'c — whichever may be 
sufficient and a cycle alkylene group (for example, a cyclopentylene group, a 
cyclohexylene group) of 3-8 carbon numbers can be mentioned as an alkylene group 
which forms a ring, for example. 
[0035] 

May have each of above-mentioned bases further, and a substituent as a substituent, 
an alkyi group (desirable — the carbon numbers 1-10. for example, a methyl group, 
and an ethyl group.) A propyl group, an isopropyl group, n-butyl group, an isobuty! 
group, a sec-butyl group, Alkoxy groups (preferably the carbon numbers 1-4, for 
example, a methoxy group, an ethoxy basis, a propoxy group, a butoxy group, etc.), 
such as t-butyl group, a penty! group, a hexyl group, a heptyl group, an octyl group, a 
nonyl group, and a decyl group, a fluorine atom, a chlorine atom, a bromine atom, 
iodine atoms, etc. are mentioned. 
[0036] 

An alkylene chain or a cycIo alkylene chain may contain -0-, -0C(=0)- -OC(=0) 
-N(R)-C(=0)~ -N(R)~C(=0) O- -S- -SO- and SO^- in an alkylene chain, here ~ R 
— a hydrogen atom or an alkyl group (desirable — the carbon numbers 1-10, for 
example, a methyl group,.) They are an ethyl group, a propyl group, an isopropyl group, 
n^butyl group, an isobutyl group, a sec-butyl group, t-butyl group, a pentyl group, a 
hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, etc, 
[0037] 

As an annular allylene group in W, a thing of 6-1 5 carbon numbers of a phenylene 
group, a tolylene group, a naphthylene group, etc. is mentioned preferably. 
[0038] 

As for a compound expressed with general formula (I), it is preferred that it is a 
compound further expressed with either following general formula (II) - (IV). 
[0039] 
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[Formula 5] 




(111) 



[0040] 

Inside of general formufa (II) - (IV), 

R,, Rg, Rg, R^r X, 2p ml, and m2 are synonymous with them in general formula (I). 
Rf expresses a hydrogen atom, an alkyi group, or a cycloaikyi group. Two or more R^ 
may join together and a ring may be formed. Two or more Ry may be mutually the same, 
or may differ. 

u expresses a positive integer. However, it is u+x=3. 
r expresses a positive integer 
Wq expresses an allylene group. 

expresses a single bond, an alkylene group, or a cyclo alkylene group. 
A expresses the following structure. 
[0041] 
[Formula 6] 
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[0042] 

R3. R4. Re- rn^, and m5 are synonymous with them in general formula (I) among a 

formula. 

[0043] 

Although the exampie of (T) ingredient mother-nucleus compound is shown below, 
this invention is not limited to these. 
[0044] 
[Formula 7] 
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[0045] 
[Formula 8] 
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[0046] 
[Formula 9] 
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[0047] 

[Formula 10] 
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[0048] 

[Formula 11] 
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OH OH 




[0049] 

[Formula 12] 
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[0050] 

As for the compound which contains at least two or more acidolysis nature groups in 
one molecule (T) of this invention and to which the solubility to an alkali developing 
solution increases by operation of acid, it is preferred to contain an alkali solubility 
group. 

As an alkali solubility group, tiiey are a hydroxyl group, a sulfonic group, a phenolic 
group, a carboxylic acid group, and a hexafluoro isopropyl alcohol group. [-CCCFg) 2 
OH] is mentioned It is a phenolic group, a carboxyl group, and a hexafluoro isopropyl 
alcohol group preferably, and they are a phenolic group and a carboxyl group still more 
preferably. 
[0051] 

An acidolysis nature group is a substituent replaced with a hydrogen atom of OH in an 
above mentioned alkali solubility group, -C (R^i^) (R^j^) (R,3^), -C (R^^) (R^g^) (OR^ J, 
and -CO-OG (R^u^ (Ri2a) (Ri3a) preferred. Here, R„^ - R^^ express an alkyi group, a 
cycloalkyi group, an alkenyl group, an aralkyi group, or an aryl group independently, 
respectively. R^^^ and R^g^ express a hydrogen atom or an alkyI group independently, 
respectively, R^g, expresses an alkyl group, a cycloalkyi group, an alkenyl group, an 
aralkyi group, or an aryl group. Two of 2 of R^^^, R^ga. and R^^^ or R^^^, R^g^, and R^ga niay 
join together, and a ring may be formed. 

(T) A compound of an ingredient is compoundable by. for example, protecting a 
compound used as the above-mentioned mother nucleus with an acidolysis nature 
group. 
[0052] 

In R5 in general formula (I), or Rg, a basis which has an acidolysis nature group can also 
be introduced by denaturation as follows, for example. 
"[C (R, J (R,s,)] -CO-OC (R,,^) (R, J {R,J 

Here, R^-j^ and R^g^ express a hydrogen atom or an alkyI group independently, 

respectively, p is an integer of 1-4. 

[0053] 

Although a desirable example of an acidolysis nature group is shown below, this 

invention is not limited to these. 

[0054] 

[Formula 13] 
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[0055] 
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(T) the molecular weight of the compound used as the mother nucleus of an ingredient 
— usually ~ 200-5000 — desirable — 300-4000 — it is 400-3000 still more 
preferably. (T) The compound used as the mother nucleus of an ingredient is marketed, 
for example from the Honshu science etc., and this can be used for it. It is also 
compoundable according to condensation of various phenolic compounds, various 
aldehyde, and ketone. 
[0056] 

(T) the content of an ingredient is usually 50 mass % - 99.5 mass % to the solid content 
whole quantity of a resist composition — desirable — 60 mass % - 99.0 mass % — 
they are 70 mass % - 98,0 mass % still more preferably. 
[0057] 

Resin (polymer) may be further added to a resist composition of this invention. Resin 
to add is alkalis soluble resin (an acidolysrs nature group is not contained) and 
acidolysis nature resin. As alkalis soluble resin, a homopolymer of p-hydroxystyrene 
or a copolymer, a homopolymer of acrylic acid (meta) or a copolymer, a homopolymer 
of p"-(1,l,l,3,3,3-hexafluoro 2-hydroxypropyl) styrene, or a copolymer is mentioned. 
Resin which protected the above-mentioned alkalis soluble resin with an acidolysis 
nature group as acidolysis nature resin is mentioned. 
[0058] 

content of resin to add receives the solid content whole quantity of a resist 
composition — usually — one to 50 mass % — desirable — five to 40 mass % — it is 
ten to 30 mass % still more preferably. 
[0059] 

[2]A compound (B) which generates acid by the exposure of active light or radiation 
A compound (it may be hereafter called an "acid generator".) which generates acid by 
the exposure of active light or radiation used for a positive resist composition of this 
invention is explained below. 

In this invention, as an usable acid generator. Publicly known compounds which 
generate acid by the exposure of active light or radiation currently used for a 
photoinrtiator of optical cationrc polymerization, a photo initiator of an optical radical 
polymerization, an optical decolorizing agent of coloring matter, optical alterant, or 
micro resist, and those mixtures can be used choosing them suitably, 
[0060] 

For example, diazonium salt, ammonium salt, phosphonium salt, iodonium salt, Onium 
salt, such as sulfonium salt, a seleno NIUMU salt, and arsonium sait, A compound 
which is represented by an organic halogenated compound, an organic metal/organic 
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halogenated compound, an acid generator that has o-nitrobenzyl type protective 
group, imino sulfonate, etc. and which carries out a photolysis and generates sulfonic 
acid, and a disulfon compound can be mentioned. 
[0061] 

A basis which generates acid by the exposure of such active light or radiation or a 
compound which introduced a compound into a main chain or a side chain of polymer. 
For example, U,S, Pat. No. 3,849,137, Germany patent No. 3914407, A compound of a 
statement can be used for JP,63-26653A JP,55-164824,A, JP,62-69263A 
JP.63-146038A JP,63-163452,A, JP,62-153853A JP.63-146029A etc- 
[0062] 

Furthermore, a compound which generates acid by light of a statement can also be 

used for U.S. Pat. No. 3,779,778, European patent No. 126,712, etc. 

[0063] 

the above — in a compound which decomposes by the exposure of usable active light 
or radiation, and generates acid, especially a thing used effectively is explained below. 
[0064] 

(1) lodonium salt expressed with the following general formula (PAG1), or sulfonium 

salt expressed with a general formula {PAG2), 

[0065] 

[Formula 14] 

R205 

(PAG1) (PAG2) 



[0066] 

Formula Ar' and Ar^ show an aryl group independently respectively here. As a 
substituent which an aryi group may have, an alkyi group, a halo alkyi group, a 
cycloalkyi group, an aryl group, an alkoxy group, a nitro group, a carboxyl group, an 
alkoxycarbonyl group, a hydroxy group, a sulfhydryl group, and a halogen atom are 
mentioned. 
[0067] 

pj203_ r204^ g^^j PJ2D5 g^^^ 

an alkyi group and an aryl group independently respectively. 
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Preferably, they are an aryl group of the carbon numbers 6-14, the alkyl groups of the 
carbon numbers 1-8, and those substituted derivatives. 

As a desirable substituent, to an aryl group, the alkoxy group of the carbon numbers 
1-8, It is the aikyi group, the nitro group» the carboxyl group, hydroxy group, and 
halogen atom of the carbon numbers 1-8, and they are an alkoxy group of the carbon 
numbers 1-8, a carboxyl group, and an ARUKOSHIKI carbonyl group to an alkyl group. 
[0068] 

Z~is shown and a non-nucleophilicity anion For example, BF4~, AsF^", PFb", SbFg", 
Perfluoro alkane-'sulfonic-acid anions, such as SiF/~, CI04~, and CF3SO3", A 
pentafluoro benzenesulfonic acid anion, a substitution benzenesulfonic acid anion. 
Condensation polynuclear aromatic— sulfonic-acid anions, such as a 
naphthalene-1 -sulfonate anion, Although an anthraquinone sulfonate anion, a sulfonic 
group content color, a perfluoroalkyi carboxylic acid anion, an alkyi carboxylrc acid 
anion, a benzoic acid anion, etc. can be mentioned, it is not limited to these. 
[0069] 

Two and Ar^ of R^°^, R^^"*, and the R^°^, and Ar^ may be combined via each single bond 

or substituent. 

[0070] 

Although a compound shown below as an example is mentioned, it is not limited to 

these. 

[0071] 

Diphenyliodonium dodecylbenzene sulfonate, diphenyliodonium trifluoro 
methanesulfonate, Bis(4-trifluoro methylphenyOiodonium trifluoro methanesulfonate, 
bis(4-t-buthylphenyl)iodonium camphor sulfonate. 
[0072] 

Triphenylsulfonium dodecylbenzene sulfonate, triphenylsulfonium 2,4,6-trimethyl 
benzene sulfonate, Triphenylsulfonium 2,4,6-triisopropyl benzene sulfonate, 
Triphenylsulfonium trifluoro methanesulfonate, triphenylsulfonium 
perfluorooctanesulfonate, Triphenylsulfonium perfluoro nonane sulfonate, 
triphenylsulfonium camphor sulfonate, triphenylsulfonium perfluoro benzene sulfonate, 
triphenylsulfonium 3,4-bis(trifluoromethy[)benzene sulfonate. 
[0073] 

A general formula (PAG1) and the above-mentioned onium salt shown by (PAG2) are 
publicly known, for example, can be compounded by a method of a statement to U.S. 
Pat. No. 2,807,648 and said 4,247,473 No., JP,53-101,331,A, etc. 

Things other than the above-mentioned example are listed to below among a general 
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formula (PAG1) and an acid generator shown by (PAG2). 
[0074] 

[Formula 15] 
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[0075] 

(2) An imino sulfonate derivative expressed with a disulfon derivative or a general 

formula (PAG4) expressed with a following general formula (PAG3). 

[0076] 

[Formula 16] 

O 



Ar^-SOa-SOg-Ar" 



( PAG3 ) 



R20S-SO2-O-N 



( PAG4 ) 




[0077] 

Ar^ and Ar* show an aryl group independently respectively among a formula. 

R^°° shows an alkyi group and an aryl group. A shows an alkylene group, an alkenylene 

group, and an allylene group. 

Although the compound shown below as an example is mentioned, it is not limited to 

these. 

[0078] 

Bis(tolyl)disuifon, bis(4-methoxypheny)disulfon, bis(4-trifluoro methylphenyDdisulfon, 

phenyl-4-isopropylphenyldisulfon. 

[0079] 

[Formula 17] 

O O 





N-Q-SQ3-<^^^^CH; 



O 




N-O-SO3 





Q 



CF' 




N-O-S- 
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[0080] 

(3) An diazodisulfon derivative expressed with a following general formula (PAG5). 
[0081] 

[Formula 18] 

O No O 
II 1^ II 

R-S— ^S-R 
II II 

o o 

( PAG5 ) 



[0082] 

R expresses an alkyi group, a cycloalkyi group, or an aryl group here. 

Although the compound shown below as an example is mentioned, it is not limited to 

these. 

[0083] 

BisCphenyl slufonyOdiazomethane, bis(2,4-dimethylphenyl sulfonyOdiazomethane, 
bisCcyclohexylsulfonyDdiazomethanep bisCtolyl sulfonyOdiazomethane, 
bis(t-butylsulfonyl)diazomethane. 
[0084] 

(4) The phenacyl sulfonium derivative expressed with a following general formula 

(PAG6) can also be used as an acid generator. 

[0085] 

[Formula 19] 



[0086] 

A hydrogen atom, an alkyI group, an alkoxy group, a nitro group, a halogen atom, an 
alkyloxy carbony! group, or an aryl group may be expressed, at least two or more of 
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- R5 may join together, and - Rg may form a ring structure here. 

and Ry express a hydrogen atom, an alkyi group, a cyano group, or an aryl group. 
An aromatic group containing an alkyI group, an aryl group, an aralkyi group, or a 
hetero atom may be expressed, and may join together, and Y^ and Y^ may form a 
ring. 

Y3 expresses a single bond or a divalent connecting group. 
X "is synonymous with Z" under above (PAG1), 

At [east one of at least one and Y^ of R^ to R^, or the Y2 joins together, a ring may be 
formed, at least one of at least one and Rg of R^ to R5, or the R7 may join together, and 
a ring may be formed. 

In a position of either either of the R^ or Y, from R^, or Yg, it may join together via a 

connecting group and may have two or more structures of CPAG6). 

[0087] 

Although an example of a compound expressed with (PAG6) below is shown, this 

invention is not limited to these. 

[0088] 

[Formula 20] 




CM) C^2) (1-3) 



C4FSSO3 

(1-4) (1-5) (E-e) (1-7) 



[0089] 

[Formula 21] 
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(1-12) (i-13) 



[0090] 

[Formula 22] 
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(M4) (M5) (1-16) (1-17) (M8) 




< 1-23 ) ( 1-24 ) { 1-25 ) 



[0091] 

The example of other acid generators is given to below. 
[0092] 

[Formula 23] 




[0093] 

(B) As an ingredient, above (PAG1), (PAG2X and (PAG6) are preferred, and they are 
(PAG2) more preferably (PAG1). 
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[0094] 

(B) A compound which generates organic sulfonic acid by operation of active light or 

radiation as an ingredient It is desirable in [it may call the following (B1)]. 

[0095] 

(B) A compound which generates carboxylio acid by operation of active light or 
radiation further as an ingredient in addition to the above (B1) [It may be called (B-2) 
below] and containing are preferred, (B1) Many performances, such as sensitivity and 
resolution, can be raised by using an ingredient and the (B-2) ingredient together, 
(B-2) As an ingredient, that from which (PAGI). (PAG2), inner (PAG6) Zfor anion 
and X " are a carboxylio acid anion is mentioned. 

(Bl) a mass ratio of an ingredient/(B-2) ingredient — usuaiiy — 99.9 / 0.1 ~ 50/50 — 

desirable — 99 / 1 - 60/40 — it is 98 / 2 - 70/30 more preferably. 

[0096] 

(Bl) A compound of an ingredient and the (B-2) ingredient can be used combining an 

one-sort independent or two sorts or more. 

[0097] 

An addition of a compound which decomposes by the exposure of such active light or 
radiation, and generates acid, more than 0.001 mass % is usually used below by 40 
mass % from a film-shaped point from a point of sensitivity on the basis of solid 
content in a constituent — desirable — 0.1 to 10 mass % — it is used in the range of 
0.1 - 10 mass % still more preferably. 
[0098] 

[3]Nitrogen-containing basic compound (C) 

In tJiis invention, it is preferred from viewpoints of improved efficiency, such as 
resolution, improvement in preservation stability, etc. to use a nitrogen-containing 
basic compound, 

A desirable nitrogen-containing basic compound which can be used by this invention 
is a compound whose basicity is stronger than phenol. 

As desirable chemical environment, structure of following formula (A) - (E) can be 

mentioned. Formula (B) - (E) may be a part of ring structure. 

[0099] 

[Formula 24] 
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[0100] 

Here R^^**, R^^\ and R^^^, It may be the same, or may differ, express a hydrogen atom, 
the alkyi group of 1-20 carbon numbers, the amino alkyi group of 1-20 carbon 
numbers, the hydroxyalkyi group of 1-20 carbon numbers, or the aryl group of 6-20 
carbon numbers, and here, It may combine with each other and R^^^ and R^^^ may form 
a ring, 

' may be the same, or may differ from each other, and express an 
alkyi group of 1-6 carbon numbers. 

A desirable compound is a nitrogen-containing basic compound which has two or 
more nitrogen atoms of different chemical environment in a monad, and is a compound 
which has especially a compound or an alkylamino group including both ring structures 
containing an amino group and a nitrogen atom preferably. 
[0101] 

As a desirable example, guanidine, aminopyridine, amjno alkyi pyridine, 
Aminopyrrolidine, indazole, imidazole, a pyrazole, pyrazine, pyrimidine, a pudding, 
imidazoline, pyrazolme. a piperazine, amino morpholine, amino alkyi morphoiine, etc. 
are mentioned. May have these compounds and a substituent a desirable substituent. 
They are an amino group, an amino alkyi group, an alkylamino group, an amino aryl 
group, an arylamino group, an alkyi group, an alkoxy group, an aoyi group, an acyloxy 
group, an aryl group, an aryloxy group, a nitro group, a hydroxyl group, and a cyano 
group, 
[0102] 
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As a desirable compound, especially Guanidine, 1 ,1-dimethylguanidine, 
U,3,3"tetramethyl guanidine, imidazole, 2-methylimidazole, 4-methyl imidazole, 
N-methylimidazole, 2-phenylimidazo!e, 4,5-diphenylimidazole, 2A5-triphenylimidazole. 
2"-aminopyridine, S-aminopyridine, 4-aminopyridine, 2-dimethylamino pyridine, 

4- dlmethylaminopyridine, 2-diethylamino pyridine, 2-(aminomethyl) pyridine, 
2-amino-3-methylpyridine, 2"amino-4-metliylpyridine, 2-amino"5~methylpyridine, 

2- amino-6-methylpyridine, 3-aminoethyl pyridine, 4-aminoethy! pyridine, 

3- aminopyrrolidine, A piperazine, N-C2-aminoetliyl) piperazine, N-(2"'aminoethyl) 
piperidine, 4"amino-2,2,6,6-tetramethylpiperidine, 4-piperidino piperidine, 2Hmino 
piperidine, l~(2-aminoethyl) pyrrolidine, a pyrazole, 3-amino--5-methyl pyrazole, a 

5- amino-3-methyl-1-p-tolyl pyrazoie. pyrazine, 2-{aminomethyl)-5-methyl pyrazine, 
pyrimidine, 2,4-diaminopyrimidine, Although 4,6-dihydroxypyrimidine, 2-pyrazoline, 
S-pyrazoline, N-amino morpholine, N-(2"-aminoethyl) morpholine, etc. are mentioned, 
it is not limited to this. 

[0103] 

A tetra-alkyl-ammonium-salt type nitrogen-containing basic compound can also be 
used. Especially in these, tetra alkylammonium hydroxide (tetramethylammonium 
hydroxide, tetraethylammoniumhydroxide, tetra-(n-butyl) ammonium hydroxide, etc.) 
of the carbon numbers 1-8 is preferred. 

These nitrogen-containing basic compounds are independent or are used together 

two or more sorts. 

[0104] 

As for a using rate in a constituent of an acid generator and a nitrogen-containing 
basic compound, it is preferred that it is (total amount of acid 

generator)/(nitrogen-containing basic compound) (mole ratio) =2.5 - 300, This mole 
ratio may serve as low sensitivity by less than 2.5, resolution may decline, and if 300 is 
exceeded, **** of a resist pattern may become large by temporality to exposure 
afterbaking processing, and resolution may also decline, a (acid generator) — / 
(nitrogen-containing basic compound) (mole ratio) — desirable — 5,0-200 — it is 
7.0-1 50 still more preferably. 
[0105] 

[4] Surface-active agents 

In this invention, surface-active agents can be used and it is desirable from viewpoints 
of film production nature, the adhesion of a pattern, developing defect reduction, etc. 
[0106] 

As a surface-active agent being concrete, polyoxyethylene iauryl ether, 
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Polyoxyethylene stearylether, polyoxyethylene cetyl ether, Polyoxyethylene alkyi 
ether, such as polyoxyethylene oleylether. Polyoxyethylene alkyI aryl ether, such as 
polyoxyethylene octylphenol ether and polyoxyethylene nonyl phenol ether. 
Polyoxyethylene polyoxypropylene block copolymer. Sorbitan monolaurate, sorbitan 
monopalmitatep sorbitan monostearate, Sorbitan fatty acid ester species, such as 
sorbitan monooleate, sorbitan trioleate, and sorbitan tristearate, Polyoxyethylene 
sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate, 
Poiyoxyethylenesorbitan monostearate, polyoxyethylene sorbitan trioleate. The 
Nonion system surface-active agents, such as polyoxyethylene sorbitan fatty acid 
ester, such as polyoxyethylene sorbitan tristearate, EFLJTOPPUEF301, EF303, EF352 
(made in new Akita Chemicals), the megger fuck F1 71, F173 (made by Dainippon Ink & 
Chemicals, Inc.), Fluorad FC430, FC431 (made by Sumitomo 3IVI), Asahi guard AG710, 
the Sir chlorofluocarbon S-382. SC101, SC102, SC103. SC104, SC105. SC106 (made 
by Asahi Glass Co,, Ltd.), A fluorochemical surfactant or silicon system surface-active 
agents, such as Troysol S-366 (made in Troy Chemical), Organosiloxane polymer 
KP341 (made by Shin-Etsu Chemical Co., Ltd.), an acrylic acid series or methacrylic 
acid series (**) polymerization poly flow No.75, No.95 (product made from Kyoeisha 
Fatty chemistry Industry), etc. can be mentioned. Two or less mass parts of loadings 
of these surface-active agents are usually one or less mass part preferably per solid 
content 100 mass part in a constituent of this invention. 

It may add independently and these surface-active agents can also be added in some 

combination. 

[0107] 

As a surface-active agent, it is preferred to contain either a fluorine system and/or a 
silicon system surface-active agent (a fluorochemical surfactant and a silicon system 
surface-active agent, a surface-active agent containing both a fluorine atom and a 
silicon atom) and two sorts or more. 

As these surface-active agents, for example JP,62-36663,A. JP,61""226746.A, 
JP,61-226745A JP.62-1 70950.A, JP,63-34540,A. JP,7-230165,A, JP,8-62834,A, 
JP,9-54432,A, JP.9-5988,A, JP,2002-277862A a U.S. Pat. No. 5405720 specification, 
The No. 5360692 specification, the No. 5529881 specification, the No. 5296330 
specification. The No. 5436098 specification, the No. 5576143 specification, the No. 
529451 1 specification, and a surface-active agent given [ the ] in the No, 5824451 
specification can be mentioned, and a surface-active agent of the following marketing 
can also be used as it is. 

As a surface-active agent of marketing which can be used, for example 
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EFUTOPPUEF301, EF303, (made in new Akita Chemicals). Ruorad FC430, 431 (made 
by Sumitomo 3MX the megger fuck F171, F173, F176, F189, R08 (made by Dainippon 
Ink & Chemicals, Inc.), A fluorochemical surfactant or silicon system surface-active 
agents, such as the Sir chlorofluocarbon S-382, SCs 101, 102, 103, 104, 105, and 106 
(made by Asahi Glass Co., Ltd.), and Troysol S-366 (made in Troy Chemical), can be 
mentioned. Polysiloxane polymer KP-341 (made by Shin-Etsu Chemical Co., Ltd.) can 
be used as a silicon system surface-'active agent. 
[0108] 

Besides a publicly known thing as shown above as a surface-active agent, A 
surface-active agent using a polymer which has the fluoro aliphatic group drawn from 
a fluoro aliphatic compound manufactured by the telomerization method (called the 
telomer process) or the co-oligomerization method (called the oligomer method) can 
be used, A fluoro aliphatic compound is compoundabie by a method Indicated to 
JP,2002-90991,A. 

As a polymer which has a fluoro aliphatic group, a copolymer with a monomer, acrylate 
(poly (oxyalkylene)), and/or (poly (oxyalkytene)) methacryiate which have a fluoro 
aliphatic ^oup is preferred. Block copolymerization also of what is distributed 
irregularly may be carried out As a poly (oxyalkylene) group, A poly (oxyethyiene) 
group, a poly (oxypropylene) group, a poly (oxybutylene) basis, etc. are mentioned. A 
unit which has the aikylene of different chain length in the same chain length, such as 
poly (block coupling frame of oxyethyiene, oxypropylene, and oxyethyiene) and a poly 
(block coupling frame of oxyethyiene and oxypropylene) basis, may be sufficient. A 
copolymer of a monomer and acrylate (poly (oxyalkylene)) (or methacryiate) which 
have a fluoro aliphatic group not only in a copolymer 2 yuan, A monomer which has 
two or more sorts of different fluoro aliphatic groups, and a copolymer of three or 
more element systems which carried out copolymerization of two or more sorts of 
different acrylate (poly (oxyalkylene)) (or methacryiate) etc. simultaneously may be 
sufficient. 

For example, the megger fuck F178, F-470, F-473, F-475, F-476, and F-472 (made by 
Dainippon Ink & Chemicals, Inc.) can be mentioned as a commercial surface-active 
agent. A copolymer of acrylate (or methacryiate) and acrylate (poly (oxyalkylene)) (or 
methacryiate) which have a CgF^g group, A copolymer of acrylate (or methacryiate), 
acrylate (poly (oxyethyiene)) (or methacryiate), and acrylate (poly (oxypropylene)) (or 
methacryiate) which have a G^F^^ group. A copolymer of acrylate (or methacryiate) 
and acrylate (poly (oxyalkylene)) (or methacryiate) which have a C^F^^ group, A 
copolymer etc. of acrylate (or methacryiate), acrylate (poly (oxyethyiene)) (or 
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methacrylate), and acrylate (poly (oxypropylene)) (or methacrylate) which have a CgF,, 

group can be mentioned. 

[0109] 

the amount of surface-active agent used receives the positive resist composition 
whole quantity (except for a solvent) — desirable — 0.0001 to 2 mass % — It is 0.001 
to 1 mass % more preferably. 
[0110] 

[6]0ther ingredients 

A positive resist composition of this invention can be made to contain a color, an 

optical base generator, etc. further if needed. 

[0111] 

1. Color 

A color can be used in this invention. 

There are fat dye and a basic stain as a suitable color. Specifically Oil yellow #101, oil 
yellow #103. oil pink #312, oil green BG, Oil blue BOS and oil blue #603, the oil black 
BY, Oil black BS, the oil black T-505 (above Orient chemical industry incorporated 
company make). Crystal Violet (CI42555), Methyl Violet (CI42535). rhodamine B 
(CI45170B), malachite green (CI42000), methylene blue (CI52015X etc. can be 
mentioned. 
[0112] 

2. Optical base generator 

As an optical base generator which can be added to a constituent of this invention, 
JP,4-151156,A, 4-162040, 5-197148, It is mentioned [ 5-5995, 6-194834, 8-146608, 
10-83079, and European patent / No, 622682 ] by compound of a statement, and 
specifically, 2-nitrobenzyl carbamate, a 2,5-dinitrobenzylcycIohexyl carbamate, an 
N-cyciohexyl-4-methylphenyl sulfonamide, an 1,1-dimethyl- 2-phenylethyl 
N-isopropyl KABA mate, etc. can use conveniently. These optical base generators are 
added for the purpose of an improvement of resist shape etc. 
[0113] 

3. Solvents 

A resist composition of this invention is melted in a solvent which dissolves each 
above-mentioned ingredient, and is applied on a base material. As solids 
concentration of all the resist components, it is preferred to usually consider it as 2 - 
30 mass %, and 3-25 mass % is more preferred. 

As a solvent used here, ethylene dichloride, cyclohexanone, Gyclopentanone, 
2-heptanone, gamma^butyrolactone, methyl ethyl ketone. Ethylene glycol monomethyl 
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ether, ethylene glycol monoethyl ether, 2-niethoxy ethyl acetate, ethylene glycol 
monoethyl ether acetate, Propylene glycol monomethyl ether, 

propylene-glycol-monomethyl-ether acetate, Toluene, ethyl acetate, methyl lactate, 
ethyl lactate, methoxy methyl propionate, ethoxyethyl propionate, methyl pyruvate, 
ethyl pyruvate, pyruvic acid propyl, N.N-dimethylformamide, dimethyl sulfoxide, 
N-methyl pyrrolidone, a tetrahydrofuran, etc. are preferred — these solvents — it is 
used, independent or mixing. 
[0114] 

A resist composition of this invention is applied on a substrate, and forms a thin film. 

As for thickness of this coating film, 0.05-4.0 micrometers is preferred. 

[0115] 

In this invention, commercial inorganic matter or an organic antireflection film can be 
used as occasion demands. An antireflection film can also be applied and used for the 
resist upper layer. 
[0116] 

As an antireflection film used as a lower layer of resist, both inorganic film types, such 
as titanium, a titanium dioxide, titanium nitride, chrome oxide, carbon, and an 
amorphous silicon, and an organic layer type which consists of an extinction agent and 
a polymeric material can be used. The former needs equipment of a vacuum 
evaporator, a CVD system, a sputtering system, etc. for film formation. As an organic 
antireflection film, for example A condensation product of a diphenylamine derivative 
given in JP,7-6961 1 ,B, and formaldehyde denaturation melamine resin, What consists 
of alkalis soluble resin and an extinction agent, a maleio anhydride copolymer given in 
a U.S. Pat. No. 5294680 item, and a reactant of a diamine type extinction agent, A 
thing containing a resin binder given in JP.6-1 18631, A, and a methylolmelamine 
system heat cross linking agent. An acrylic resin type antireflection film which has a 
carboxylic acid group, an epoxy group, and an extinction group given in JP,6"1 18656,A 
in the same intramolecular, What consists of methylolmelamine and a benzophenone 
series extinction agent given in JP,8-871 15,A, a thing which added a low molecule 
extinction agent to polyvinyl alcohol resin given in JP.8-1 79509,A, etc. are mentioned. 
[0117] 

An organic antireflection film of marketing of DUV30 series by brewer Saiensu-Sha, 
DUV-40 series, AR-2 made fi^om SHIPURE, AR-3, and AR-5 grade can also be used 
as an organic antireflection film. 
[0118] 

In manufacture of a precision integrated circuit device, etc., a pattern formation 
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process to a resist film top, a substrate (example; — silicon / diacidHzed silicon 
covering board, a glass substrate, and an ITO board.) A positive resist composition of 
this invention is applied to tops, such as quartz / chrome oxide covering board, then 
they are irradiated witii X-rays, an electron beam, an ion beam, or EUV, and a good 
resist pattern can be formed in them by heating, developing negatives, rinsing and 
drying. 
[0119] 

As an alkali developing solution of a resist composition of this invention, Sodium 
hydroxide, a potassium hydrate, sodium carbonate, a sodium silicate, Inorganic alkali, 
such as metasilicic acid sodium and an ammonia solution, ethylamine, Secondary 
amines, such as primary amines, such as n-propylamine, dtethylamine, and 
di-n-butylamine. Tertiary amines, such as triethylamine and methyldiethylamine, 
dtmethylethanoiamine. Alcohol amines, such as Tori ethano-amine, 
tetramethylammonium hydroxide, Solution (usually 0.1 to 20 mass %) of alkali, such as 
cyclic amines, such as quarternary ammonium salt, such as 
tetraethylammoniumhydroxide and Kolin, pyrrole, and piperidine, can be used. 
Surface-active agents, such as alcohols, such as isopropyl alcohol, and the Nonion 
system, can also be used for solution of the above-mentioned alkali, carrying out 
adequate amount addition. 

inside of these developing solutions — desirable — quaternary ammonium salt — 

they are tetramethylammonium hydroxide and Kolin still more preferably. 

The pH of an alkali developing solution is usually 10.0-15.0. 

[Example] 

[0120] 

Hereafter, although an example explains this invention in more detail, thereby, the 

contents of this invention are not limited. 

[0121] 

[A synthetic example] 

(i) Composition of a binder (T-1) 

35.74 g (0.05 mol) of phenolic compounds (1) shown below in a reaction vessel are 
dissolved in 200 g of propylene-glycol-monomethyl-ether acetate (the following 
PGMEA and abbreviation). This solution was decompressed to 60 ** and 20mmHg, 
and about 40-g solvent was distilled off with the water which remains in a system. It 
cooled to 20 49.75 g (0.18 mol) of protection reacting agents (1) and 2.5 g of 
pH;oluenesulfonic acid were added, and it agitated at tiie room temperature for 2 
hours. Then, 3.0 g of triethylamine was added, it neutralized, and the ethyl acetate 50g 



43 



JP 2005-309421 



and the water 50g performed washing operation 3 times. Then, the amount of solvents 
was adjusted and the solution of 30 mass % of the binder (T-l) which is the (T) 
constituent compound was obtained. The protection rate to all the phenolic OH(s) 
from 1H and 13 C-NMR analysis was 59.3%. 
[0122] 

(ii) Composition of a binder (T-3) 

35.74 g (0.05 mol) of phenolic compounds (1) shown below in a reaction vessel, 
PGMEA200g, the potassium carbonate 41.46g (0.05 mol), and 40.96 g (0.21 mol) of 
protection reacting agents (4) (bromoacetic acid t-Bu ester) were added, and the 
reaction solution was heated at 100 After stirring for 3 hours, the reaction solution 
was cooled radiationally to the room temperature, and 0.1 N-HCI solution was added, 
and it neutralized, and washed by adding 50 ml of ethyl acetate, and 50 ml of distilled 
water. Then, the amount of solvents was adjusted and the solution of 30 mass % of a 
binder (T-3) was obtained. The protection rate to all the phenolic OH(s) from 1 H and 
13 C-NMR analysis was 68.8%. 
[01233 

(iii) Composition of a binder (T-5) 

34.04 g (0.05 mol) of phenolic compounds (2) shown below, PGMEA150ml, 25.04 g 
(0.2475 mol) of triethylamine, and 2,0 g of 4-dimethyIaminopyridine were added and 
agitated in the reaction vessel. Then, 100 ml of tetrahydrofiirans solution of 54.02 g 
(0.2475 moi) of protection reacting agents (5) (di-t-butyldicarbonate) was dropped 
over 2 hours. After agitating after dropping for further 3 hours, the HCI solution of 
0.1 N neutralized and 50 ml of ethyl acetate and 50 ml of distilled water performed 
washing and extraction. After separating an organic layer, the amount of solvents was 
adjusted and the solution of 30 mass % of a binder (T-5) was obtained. The protection 
rate to all the phenolic OH(s) from 1H and 13 C-NMR analysis was 74.3%, 
[0124] 

A binder (T-2), (T-4), and - (T-6) (T-8) were obtained by the same method as the 
above-mentioned synthetic example except changing the phenolic compound and 
protection reacting agent to be used. 
[0125] 

Below, the structure of phenolic compound (1) - (3) and protection reacting agent (1) 

- (5) is shown. 

[0126] 

[Formula 25] 
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HO 



OH OH 




OH 



OH 



OH 



HO 




OH 



[0127] 

[Formula 26] 




o 

^MKi^m (4) 



o o 

(H3C)3CO'^0'^OC(CH3)3 
^SigSj£»J(5) 



[0128] 

Protection reacting agent (1) When - (3) is used, phenolic OH in phenolic compound 
(1) " (3) will be protected by an aoetal When a protection reacting agent (4) is used, 
phenolic OH in phenolic compound (1) - (3) will be protected by t-butoxy 
carbonylmethyL When a protection reacting agent (5) is used, phenolic OH in phenolic 
compound (1) - (3) will be protected by t-butoxycarbonyL 
[0129] 

phenolic compound (1) - (3) and protection reacting agent (1) - (5) — each — 
acquisition — it is easy or can compound using a conventional method. 
[0130] 

The mother-nucleus phenolic compound, protection reacting agent, and protection 
rate which were used for the compound binder are summarized in Table 1, and are 
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shown. 
[0131] 
[Table 1] 



1 





nm 








T-1 


(1) 


714.84 


(1) 


59.3 


T-2 


(1) 


714.84 


(3) 


78.2 


T-3 


(1) 


714.84 


(4) 


68.8 


T-4 


(2) 


680.83 


(2) 


64.6 


T-5 


(2) 


680.83 


(5) 


74.3 


T-6 


(3) 


929.06 


(1) 


54.8 


T-7 


(3) 


929.06 


(2) 


60.7 


T-8 


(3) 


929.06 


(4) 


62.2 



[0132] 

[Examples 1-18 and the comparative examples 1-5] 
(i) Preparation of a resist composition 

The binder of this invention: 0.948g (94.5% of the solid content in resist) 

Addition resin: Quantity shown in the following table 2 (however replacing with the 

binder of this invention addition) 

Acid generator: 0.05g (5.0% of the solid content in resist) 
Organic-base nature compound: O.OOSg (0.3% of the solid content in resist) 
Surface-active agent: 0.002g (0.2% of the solid content in resist: 99.7 ppm of the whole 
resist liquid) 

It was made to dissolve in the solvent shown in the following table 2, and solids 
concentration prepared the solution of 5.0 mass %. This solution was filtered with a 
0.1 -micrometer Teflon filter, and the positive-resist liquid of Examples 1-18 was 
obtained. 

The binder was transposed to the comparison binder, or binder concentration was 
changed, and the positive-resist liquid of the comparative examples 1—5 was obtained 
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by the same method as the above. 
[0133] 

(ii) Pattern production and evaluation (EB) 

The positive—resist liquid prepared as mentioned above was uniformly applied on the 
silicon wafer which performed hexamethyldisilazane treatment using the spin coater, 
stoving was performed for 120 ** 90 seconds, and the positive-resist film of 0,3 
micrometer of thickness was formed. Electron beam irradiation was performed to this 
resist film using the electron beam lithography system (Hitachi HL750, accelerating 
voltage 50KeV). After carrying out bake for 90 seconds and immersing 110** for 60 
seconds using 2.38 mass % tetramethylammonium hydroxide (TMAH) solution after the 
exposure, it rinsed and dried with water for 30 seconds. The following method 
estimated the obtained pattern. 
[0134] 
[Sensitivity] 

The sectional shape of the obtained pattern was observed using the scanning electron 

microscope (Hitachi, Ltd. make S-4300). The minimum irradiation energy when 

resolving a 150-nm line (line; space =1:1) was made into sensitivity. 

[0135] 

[Resolution] 

Marginal resolution (a line and a space are separation resolvings) in the dose which 

shows the above-mentioned sensitivity was made into resolution. 

[0136] 

[Pattern profile] 

The section of the portion with a linewidth of 150 nm (line/space =1:1) was observed 
by SEM (Hitachi Make S-8840X and the following standards estimated. 
A: When both of angles of a pattern side wall and a substrate and angles of a pattern 
side wall and a pattern surface are 90**2 times. 

B: Although the angle of a pattern side wall and a substrate is 90**2 times, when the 
angle of a pattern side wall and a pattern surface is 85 degrees [ less than 88 ] or 
more or 92 degrees [ less than 95 ] or more. Or although the angle of a pattern side 
waiE and a pattern surface is 90**2 times, when the angle of a pattern side wall and a 
substrate is 85 degrees [ less than 88 ] or more or 92 degrees [ less than 95 ] or more. 
C: When both of angles of a pattern side wall and a substrate and angles of a pattern 
side wall and a pattern surface are 85 degrees [ less than 88 ] or more or 92 degrees 
[ less Uian 95 ] or more. 

D: When T-top shape is seen, or when the whole pattern surface is round when the 
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angle of a pattern side wall and a substrate is less than 85 degrees or 95 degrees or 

more. 

[0137] 

[Line edge roughness] 

The distance from the base line which should have edge using scanning electronic 
:Mc:ic3Mc9|c (Hitachi Make S-9220) about arbitrary 30 in 50 micrometers of the length 
directions of the 1 50-nm line pattern in the dose which shows the above-mentioned 
sensitivity was measured, it asked for standard deviation, and 3sigma was computed. 
[0138] 

(Evaluation (EB) of the line edge roughness in [ PED ] a vacuum) 
** in a vacuum chamber is set for the silicon wafer which applied the positive—resist 
film produced as mentioned above, With the dose which shows the above-mentioned 
sensitivity using the above-mentioned electron beam lithography system, 3 hours 
afterward, as mentioned above, after carrying out bake (heat-treatment) of the 
electron-beam-irradiation and exposure direct rear stirrup for 90 seconds, it 
performed the development and obtained 110 ^f^* of line patterns. And line edge 
roughness was evaluated like the above about the 1 50~nm line pattern by which the 
development might be carried out by performing bake immediately after electron beam 
irradiation, and the 1 50-nm line pattern which performs bake and might be carried out 
in the development 3 hours after electron beam irradiation. Change of line edge 
roughness was computed from the following formulas. 

Line-edge-roughness change = in [ PED ] a vacuum (line edge roughness of the 
1 50-nm line pattern by which the development might be carried out by performing 
bake immediately after electron beam irradiation) - (tine edge roughness of the 
1 50-nm line pattern produced by performing bake 3 hours after electron beam 
irradiation, and carrying out a development) 
[0139] 

An evaluation result is shown in Table 2. 

[0140] 

[Table 2] 
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N-t 
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S5 


A 


4.0 


OJ 


3 
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[0141] 

The cable address shown in Table 2 is shown below. 
[0142] 

a comparison binder (H-1 ) — and (H~2) — 
[0143] 

[Formula 27] 




(H-1) {H-2) 



[0144] 

Addition resin 
[0145] 

[Formula 28] 
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^tfeJ^:1. 08 





OH O^OCH2CH3 
A-2 




C02C(CH3)3 



i^tS^f^m : 1 3000 

^3^lftJ^;1. 57 

S^^Jt : 64/36 



A-3 
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I 

o 



c=o 
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o 




OH 



HO 




A-4 



[0146] 

Acid generator 
[0147] 

[Formula 29] 
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[0148] 

Basic compound 
N-1 : Trioctylamine 

N"2: 1 ,5-diazabicyclo [4.3.0]-5-nonene 

N-3: 2,4,6-triphenylimidazole 

[0149] 

Surface-active agent 

D-1: Megger fuck F176 (made by Dainippon Ink & Chemicals. Inc.) 

D-2: Megger fuck R08 (made by Dainippon Ink & Chemicals, Inc.) 

D--3: Troysol S-366 (made in Troy Chemical) 

D~4: Polyoxyethylene lauryl ether 

[0150] 

Solvent 

S— 1: Propylene-giycoj-monomethyl-ether acetate 
S—2: Propylene glycol monomethyl ether 
S-3: Ethyl lactate 
[0151] 

The positive resist composition of this invention shows sensitivity, resolution, pattern 
shape, and the characteristic outstanding about line edge roughness so that the result 
shown in Table 2 may show. 
[0152] 

[Examples 19-25 and the comparative examples 6-10] 
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(Pattern production and evaluation (EUV)) 

The resist film was obtained by the same method as Example 1 using each resist 
composition of the above-mentioned Examples 1 , 2, 6, 8, 1 1, 1 5, and 17 and the 
comparative examples 1-5. However, resist thickness could be 0.15 micrometer. EUV 
li^t (wavelength of 1 3 nm) was used for the obtained resist film, field exposure was 
performed^ changing 0.5 mJ of light exposures at a time in the range of 0 - 10.0m J, 
and bake of the 110 more ** was carried out for 90 seconds. The dissolution rate in 
each light exposure was measured using tetramethylammonium hydroxide (TMAH) 
solution 2.38% after that, and the sensitivity curve was acquired. In this sensitivity 
curve, the light exposure in case the dissolution rate of resist is saturated was made 
into sensitivity, and dissolution contrast (gamma value) was computed from the 
inclination of the straight part of a sensitivity curve. It excels in dissolution contrast, 
so that a gamma value is large. These results were made into Examples 1 9^25 and the 
comparative examples 6-10, respectively. 
An evaluation result is shown in Table 3. 
[0153] 
[Table 3] 
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[0154] 

The positive resist composition of this invention is excellent in sensitivity and 
dissolution contrast so that the result shown in Table 3 may show. 



[Translation done.] 
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[ 0 0 9 8 ] 

[3] -^i^iiStt^b-a-l^ (c) 
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>- , 2 , 4 - V? r ^ y t" y 5 V? . 4 , 6 - t k a :3e ^> y $ v> >- , 2 - tf ^ y y v 
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^ tf ^ iT. ^ - ^ ^ ^ t £7> -CM^ 5te V^ . 

[0103] 

^fc. ^ h y T ^i-^ JUT ^ ^ J^m.^(0^mmM&i^i[::^m h ^ t Hi^t^ ^ ^ 

:7* ^ /I- ) r >^ ^ - 1? A t: K o K ^ ) if S L V^ , 

[0104] 

m'&'&\^{\L^m"} (^/>j:b) =2. 5 — 3 0 0 ^ si ^ ;6^if ^ L V^c IS ^ ^'l^ J^b 2 . 5 10 

t^^ff^L<f±7. 0— ISO-rfeSo 
[0105] 

:*:^P^tC*?VNT f±, E?gtt^J*S & ffi t ^ . M8Stt. - > £?> # , ?! 
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[0106] 

# ffi ?S +4 CO J: 6^ t b T . y =3r ^ ^ li? y /L. — , y ;t ^ >^ :3i ^ 20 
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* ti. T s 0 * b < 1 S * ^ T -t:^ 5 c 40 
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, i^— ^P>S-382, SClOl, 102, 103, 104. 105. 106 iM^ 

»J X y =3 :x ^ # a ?g & ^ tf 5 r t ^ ^ „ * fc y n ^ 1^ > .1^" y -v- - K p - lo 
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52«W-bco (3jfy {:^^v'r7^^u>') ) T^^yi^— N (Xf:i;^^i!'yi^--h) H ^ 

#iJx.*i. 1^ m(D ^mm'\^M t 1.x . ^^^ry^FllS^ F-470. F-473. 30 
F-475, F-476. F-472 {i^^^^iye^it^JL^ M) ^ ^ \i ^ t 

T-^^o CgFisM^^^i-^Ti^^yu— h (X?±^^^yi>— N) <!:: (^Ky C:;^^ 

i-2>T^^yu— N (xt^;^^^i^yi^— h) t (#y (pa-^v^^^u-v) ) r^^yu— n ( 
xtt>?<^^^yi^— h) t (sKy (:^^=^s/>^nt°i^>') ) T^^yi>-— h (xtt^i^^^^^yi/ — 
V) t (D . CgFi^x^^^i-^ST^yi/— h (xt±;^^^yi/— t (/Ky ( 
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1, — #10 3. :r-r/l^ti°>^^^#3 12, :^ Jl^ V — > B G , ^ jU /U 

— BOS, Pd--f/U':7'/P— #6 0 3. yt-^/Uzf^iy^BY, :^-T/l^>^^s/^BS. :^ ^ JW:/ 
"7 ^ T - 5 0 5 (&.±^ V ^ >- h <t^T.mW^^i±m:) . 1^ V ^ ^ y< ^ ^ U y h (C 
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^mn^ ^ :z t *^x^ ^ ^ . 
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2 . 3tiS*^^^J 
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, 1, l-i:^;^^>'i--2-:7ri^j:^yurn^yu-N--Yy^nh°7U>!7 — >^<>:— 

[0113] 

3 . mmm 

2 5 K a % J; I? iif b i/> , 

Jl- / pi T ^ jU ^ :jl ^ \^ if :=! ^ ^ y ji. ^ ;U ^ 2 — ;?«h^v^::ii^yVT 

^cn^/i., fL^y^yi-. a^^^/i^-. y N=3^v-:^nt°::e->'^7f^/i^. ^S=^iy:7^c3if:;a->' 
^ ^ /ix , tVl^ tf ^ y ^ yl/ , t:Vi- ^ ^ , V ^ P tVl- , N , N - A ^ 
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0. O 5 — 4. 0 Mmd^^f^ LV^. 
[0115] 
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x^ ^ . \^ I- :^ h ± m ic m ± m ^ m.^ L. X m ^ ^ t h X ^ :5 . 

[0116] 

^{t:^t:^A, ;^7 — jjt'>', T ^ /I- y r :^ V ^ Mmmm t . ^A^m t ^ V ^ — 40 

i^^A^ 7 - 6 9 6 1 1 ^ti^(D i^y ^^ji'T ^ ^^m^M^i^ t ^Jl^ J>^T /Uf H K^ffiy'^5:>' 

mm t (Dm^#. t ji^:^ v -^m^t^mm. ^> ^j: ^ h ^ 3fea4tfF5 2 9 4 6 8 o 
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1 8 6 5 6 ^-mmo:> :^ ^^^^ >'mM t ^ z^m t miit m^ m — ^y^i^\^i^^~r T ^ yy>ti 

BMSiM&jAtm^ ^ m 8 - B 7 1 1 5 ^ CO ?^ ^ w- y ^ ly t ^ >' y y :jl y ?k 
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[0118] 

mm) it-. ^ ^ 0J 1^ i> ;^ h *a Afe 4^ €r ^ * L , 2fc tci X It . m ^ H . t:' — A 

[0119] 
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by^^/vr^:>'3. 0 s ^ W^M i. x ^ m . i^K^^yvsog, 7K5 0gtc:J;t)ifei^^ 

^ i" ^ ^ ^ 5 9 . 3 % o o 
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GMEA200g,K^:^yr>A41. 46g (0. 0 5 o I ) . i^M 1^ Jt^ M i 4 ) ( 
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*^ffi»tt{t-g^ifel:0. 003g (U-v^XhifilSIJf^^iT^O. 3%) 

P P m) 

i: 1^ 11 i?:* :^^ ^£ J:t 1 5 a :^ h fjS ^# . 
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(ii) y< ^ - l^ffm^ Xt^WiiS (EB) 

_h la CO J: 5 i- P ^ U M 1/ ;^ h ^ ^ =^ — ?r f ij ffi L T . --^ ^ -9- ^ ^ /i- 

^ if > SO; a Sr b fc y ^ V ^ >'^ - Ji :^ - ^ U . 1 2 0 9 0 # JP ^ Ifc :S ^ 

1/^. iiffo. 3 Mmco/j^i^aixv^;^^ Mi^jf^iSufc. ^(Duv^;^ hisi-^fb. m-^mmm 

. M It 1 1 0 "C . 9 0 # — ^ L . 2 . 3 8 ^ M % 7" h ^ ;^ 5^ T >^ n r> A 40 

K^::r=^i^^K (TMAH) 7j<:^S^^ffll^T6 0#Wffi?ibfc^. 3 0#r^. 7k X' V > 
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# tLfc 4^ - > toisf EBi^t ^ ^^Mm^K^^Sil ( (*) B^^f^mm s- 4 3 0 0 

) 150nm^-r^/ (^^^•rP^-^ — ;^=1:1) ^ M i& ir ^ m (D M: 
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^ ^ i^y" u y r ^ ^^1 

Ui¥^m S - 8 8 4 0 ) -V 

t»t>9o±2jS-efcs 
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